Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are currently the mainstay of treatment for AS. 6 In China, where the prevalence of AS is 0.3%, 7 nonselective (ns) NSAIDs and tumor necrosis factor-α (TNFα) antagonists are approved AS treatments. In addition, a number of other medications, including disease-modifying antirheumatic drugs, opioids, and muscle relaxants are prescribed for the treatment of patients with AS. 7 However, evidence suggests that, particularly over the longer term, the use of nsNSAIDs and injectable TNFα antagonists may be limited by the concern for adverse events (AEs) and other undesirable effects. 8, 9 The use of nsNSAIDs has been associated with AEs affecting the gastrointestinal (GI) tract 8 and cardiovascular system, [10] [11] [12] [13] with diclofenac being associated with a particularly high risk of cardiovascular adverse events. 11 In addition, nsNSAIDs are also believed to exacerbate inflammatory bowel disease that often accompanies spondyloarthropathies. [14] [15] [16] [17] [18] Although injectable TNFα antagonists have been shown to be effective treatments for the signs and symptoms of AS, 19, 20 the cost of use, inconvenience of administration, and possible safety concerns 9 may limit their use to refractory or severe cases. Compared with nsNSAIDs, which inhibit both cyclooxygenase (COX)-1 and COX-2, the COX-2 selective NSAIDs are thought to have a superior GI safety profile 21 because they selectively inhibit COX-2-mediated production of inflammatory mediators while preserving the integrity of the gastroduodenal mucosa (through COX-1 mediated synthesis of prostanoids). 22 Furthermore, the rate of cardiovascular AEs has been demonstrated to be comparable to that of nsNSAIDs in a meta-analysis. 23 Outside of China, the COX-2 selective NSAID celecoxib has been evaluated in 2 double-blind, randomized, controlled, activecomparator trials in patients with AS. 24, 25 However, to date, no large-scale randomized controlled trials have been conducted in China, where there is a paucity of efficacy and safety data for this treatment. Therefore the primary objective of our study was to demonstrate noninferiority of celecoxib 200 mg once daily compared with diclofenac sustained release (SR) 75 mg once daily in the treatment of Chinese patients with AS in terms of pain assessment after 6 weeks of treatment.
Patients and Methods

Study design
Our study (ClinicalTrials.gov identifier NCT00762463) was a randomized, active-comparator, double-blind, parallel-group, noninferiority study conducted at 5 centers across China. The protocol was approved by the institutional review board or independent ethics committee at each center, and the study was conducted in accordance with the principles of the Declaration of Helsinki, the International Conference on Harmonisation guidelines for Good Clinical Practice, and local regulatory requirements. The study consisted of a double-blind treatment period lasting 6 weeks, followed by a 6-week extension period. All patients provided written informed consent before any screening procedures were performed.
The study included a total of 6 study visits: screening visit (Visit 1), baseline visit (Visit 2), Week 2 (Visit 3), Week 4 (Visit 4), Week 6 (Visit 5), and Week 12 (Visit 6 for those enrolled in the extension period) or when the study drug was terminated (end-of-treatment visit) (Figure 1 ). However, unscheduled visits were possible at any time during the study treatment if required.
The primary objective was to demonstrate noninferiority of celecoxib 200 mg once daily compared with diclofenac SR 75 mg once daily in the treatment of patients with AS in the per-protocol analysis set population, in terms of their pain assessment at Week 6. Diclofenac was chosen as the active comparator in this study because it is commonly used to treat AS. 26 A dose of 75 mg diclofenac SR once daily was chosen to minimize the emergence of AEs that have been associated with the higher dose of 150 mg daily.
27,28
Patients
Adult male and female patients aged 18 to 65 years were eligible for inclusion if they had AS according to the 1984 modified New York criteria for classification of AS. 5 In addition, all patients must have had a diagnosis of AS with axial involvement but without peripheral joint involvement (synovitis) at the time of study entry. ( Figure 1 ). Randomization was performed using a computergenerated schedule that generated a random permuted-blocks design. Each patient qualifying for a treatment assignment was given the next consecutive number within a center and was dispensed the corresponding study medication. To ensure that the treatment remained blinded to the investigators and patients during the double-blind period, a double-dummy method of blinding was used (celecoxib 200 mg capsules, diclofenac SR 75 mg tablets, and their respective matching placebos were similar in size, color, smell, taste, and appearance). Rescue medication in the form of acetaminophen/paracetamol could be taken on demand, but the dose could not exceed a total daily dose of 2 g. All patients who exhibited no study medication-related AEs were offered extension treatment at the end of the 6-week, double-blind period; patients in the celecoxib 200 mg once daily (C200) and diclofenac SR 75 mg once daily (D75) groups received either open-label celecoxib 400 mg once daily (herein referred to as the C200/C400 or D75/C400 group) or continuation of their double-blind period therapies (herein referred to as the C200 or D75 no treatment change [NTC] groups) for an additional 6 weeks. In the extension phase, assignment to celecoxib 400 mg once daily was open to the investigators, patients, and the sponsor's study team. Patients who maintained their celecoxib 200 mg once daily or diclofenac SR 75 mg once daily therapies were dispensed medication in the same manner they had received medication during the double-blind phase. These patients remained blinded to the study medication assignments. Dose adjustments were not permitted during the study and extension period.
Efficacy evaluations
The primary end point was the mean change from baseline at 
Safety evaluations
Safety evaluations included monitoring of AEs, treatment discontinuations, and the use of concomitant medications, measurement of vital signs, a physical examination, and the assessment of clinical laboratory investigations. The specific laboratory assessments included hematology measurements, urine tests, and clinical chemistry measurements.
Statistical analysis
SAS (version 9.0, SAS Institute Inc, Cary, North Carolina) was used for all analyses. The sample size calculation for this study was based on the primary end point, the Patient's Global Assessment of Pain Intensity score at Week 6, and the hypothesis that celecoxib 200 mg once daily was noninferior to diclofenac SR 75 mg once daily. Based on the following assumptions, the noninferiority margin was 10 mm, the SD of pain intensity change from baseline at Week 6 was no more than 25 mm (based on Week 6 data from previously published 25 and, as yet unpublished [COXA-0506-247], studies), and the power and significance level for the noninferiority test were 80% and 0.025 (1-sided), respectively, a sample size of 100 patients per-protocol analysis set in each treatment group was required. The noninferiority margin was selected a priori. The primary efficacy analysis was performed on the per-protocol analysis set, which comprised all randomized and treated patients who had a global pain intensity assessment at Week 6 and had no major protocol deviations during the 6-week, double-blind period. The primary end point was analyzed using analysis of covariance with treatment group and study center as factors and the baseline Patient's Global Assessment of Pain Intensity score as a covariate. A 2-sided 95% CI was constructed for the least squares (LS) mean difference on the primary end point between celecoxib 200 mg once daily and diclofenac SR 75 mg once daily. Noninferiority was declared if the upper bound of the 95% CI was o10 mm.
All secondary efficacy end point analyses were performed on the full analysis set, which comprised all randomized patients who received at least 1 dose of study treatment.
Safety analyses were performed on all randomized patients who received at least 1 dose of study medication. For the extension period the efficacy and safety analyses were analyzed separately.
Results
Patients
Overall, 255 patients were screened, of which 240 patients were randomized and received treatment ( Figure 2 ). In total, 240 patients were included in the full analysis set, and 219 were included in the per-protocol analysis set for the efficacy analyses during the 6-week double-blind treatment phase.
A total of 218 patients entered the extension period, of which 6 withdrew from the celecoxib 400 mg once daily group (4 in the C200/C400 group and 2 in the D75/C400 group). Of patients in the NTC population, 3 withdrew from the C200 NTC group, and 1 withdrew from the D75 NTC group.
At baseline, 85.8% of patients (206 out of 240) were male. Other baseline characteristics were similar between the 2 treatment groups ( Table I ). In terms of prior NSAID use, 36.7% of patients (44 out of 120) in the celecoxib 200 mg once daily and 35.0% (42 out of 120) in the diclofenac SR 75 mg once daily groups were receiving either diclofenac or diclofenac sodium before the start of the study.
Efficacy Patient's Global Assessment of Pain Intensity
For the primary end point in the per protocol analysis set, the LS mean change from baseline in the Patient's Global Assessment of Pain Intensity score (using a VAS) at Week 6 (per-protocol analysis set; Week 6 -baseline) was -23.8 mm and -27.1 mm in the celecoxib 200 mg once daily and diclofenac SR 75 mg once daily groups, respectively ( Figure 3 ). The treatment difference (celecoxib -diclofenac SR) at Week 6 in the per-protocol analysis set was 3.3 mm and the 2-sided 95% CI for the treatment difference was (-2.2 to 8.8 mm). Because the upper bound of the 95% CI was o10 mm, celecoxib was noninferior to diclofenac in the treatment of Chinese patients with AS.
At the end of the extension phase (Week 12), the mean change from baseline was -28.4 mm in the C200 group and -30.9 mm in the D75 group. The treatment effect achieved by both treatment groups at the end of the 6-week double-blind period was maintained through Week 12.
The Patient's Global Assessment of Pain Intensity scores at Weeks 2, 4, and 6 for the full analysis set are summarized in Table II .
Patient's Global Assessment of Disease Activity
The Patient's Global Assessment of Disease Activity scores at Weeks 2, 4, and 6 are summarized in Table III . At the end of the extension phase (Week 12), the mean (SD) change from baseline was -0.6 (1.0) in the celecoxib group and -0.6 (0.8) in the diclofenac SR group. In patients who changed treatment during the extension period, the mean change from baseline at Week 6 in 
Bath Ankylosing Spondylitis Functional Index
The LS mean (SE) change from baseline at Week 6 in Bath Ankylosing Spondylitis Functional Index score was -0.5 (0.2) and -0.8 (0.2) in the celecoxib and diclofenac SR groups, respectively (treatment difference and 2-sided 95% CI; 0.3 [-0.1 to 0.7]). At Week 12, the mean change from baseline was -0.9 (1.8) in the C200 group and -1.0 (1.6) in the D75 group. In patients who changed treatment during the extension period, the mean change from baseline at Week 6 in the C200/C400 group was noticeably smaller than in the C200 group. At Week 12, there was an improvement from Week 6 in the mean change from baseline in the C200/C400 group (-0. 
Bath Ankylosing Spondylitis Disease Activity Index
The LS mean (SE) change from baseline at Week 6 in Bath Ankylosing Spondylitis Disease Activity Index was -1.1 (0.2) in the celecoxib group and -1.4 (0.2) in the diclofenac SR group (treatment difference ¼ 0.3; 2-sided 95% CI, -0.1 to 0.8). At Week 12, the mean change from baseline was -1.7 (1.9) in the C200 group and -2.1 (1.9) in the D75 group. In patients who changed treatment during the extension period, the mean change from baseline at Week 6 in the C200/C400 group was noticeably smaller than in the C200 group. At Week 12, the change in baseline in the C200/C400 group was maintained (-0. 
ASAS-20 responders
The percentage of ASAS-20 responders at Week 6 was 30.2% in the celecoxib group and 34.2% in the diclofenac SR group ( Table V) . The 2-sided 95% CI for the treatment difference was (-16.5 to 7.9). At the end of the extension phase (Week 12), the percentage of ASAS-20 responders was 49.0% in the C200 group and 47.2% in the D75 group.
ESR and CRP
The LS mean (SE) change from baseline at Week 6 in ESR was -2.5 (1.3) mm/h in the celecoxib group and -1.8 (1.3) mm/h in the diclofenac SR group (treatment difference and 2-sided 95% CI; -0.7 mm/h [-4.3 to 2.9 mm/h]). At Week 12, the mean (SD) change from baseline was -3.5 (14.0) mm/h in the C200 group and -1.3 (11.1) mm/h in the D75 group. In patients who changed treatment during the extension period, the mean (SD) change from baseline at Week 12 was -6.3 (13.5) mm/h in the C200/C400 group and -0.7 (19.5) mm/h in the D75/C400 group. For CRP, the LS mean (SE) change from baseline at Week 6 was -4.2 (1.6) mg/L in the celecoxib group and -2.7 (1.6) mg/L in the diclofenac SR group (treatment difference and 2-sided 95% CI; -1.4 mg/L [-5.8 to 2.9 mg/L]). At Week 12, the mean (SD) change from baseline was -4.6 (9.7) mg/L in the C200 group and -3.0 (13.2) mg/L in the D75 group. In patients who changed treatment during the extension period, the mean (SD) change from baseline at Week 12 was -4.8 (24.7) mg/L in the C200/C400 group and -2.1 (20.9) mg/L in the D75/C400 group.
Nocturnal pain, fingertips to floor distance, and chest expansion
The LS mean (SE) change from baseline at Week 6 in nocturnal pain was -15.4 (2.0) and -19.4 (2.0) in the celecoxib and diclofenac SR groups, respectively (treatment difference and 2-sided 95% CI; 4.0 [-1.4 to 9.5]). At Week 12, the mean change from baseline was -19.4 (22.5) in the C200 group and -27.5 (25.6) in the D75 group.
The LS mean (SE) change in fingertips to floor distance from baseline at Week 6 was -2.8 (0.7) and -3.1 (0.7) in the celecoxib and diclofenac SR groups, respectively. At Week 12, the mean (SD) change from baseline was -3.0 (9.4) cm in the C200 group and -3.7 (6.8) cm in the D75 group. The mean (SD) change from baseline at Week 12 was -2.2 (8.0) in the C400 group.
The LS mean (SE) change from baseline at Week 6 in chest expansion was 0.7 (0.1) in the celecoxib group and 0.6 (0.1) in the diclofenac SR group. At Week 12, the mean change from baseline was 0.8 (1.3) cm in the C200 group and 0.8 (1.4) cm in the D75 group. The mean change from baseline at Week 12 was 0.8 (1.2) cm in the C400 group.
Safety profile
AEs occurring in both treatment phases by patient treatment group are summarized in Table VI. All were mild to moderate in intensity; no serious AEs or deaths were reported during our study. There were no clinically significant changes in vital signs during the double-blind period and 6-week extension period in any of the treatment groups. During the double-blind period, rescue medication in the form of acetaminophen/paracetamol was taken by 3 patients in the celecoxib 200 mg once daily group and 0 patients in the diclofenac SR 75 mg once daily group.
Discussion
Effective treatment of AS should meet the following 3 goals: relief of back pain and stiffness, reduction of the underlying Table IV Physician's Global Assessment of Disease Activity score at baseline to Week 2, 4, and 6 in the double-blind period (full analysis set).
Characteristic
Celecoxib 200 inflammation, and improvement in physical function. Although NSAIDs are widely used in the treatment of AS, a number of safety and tolerability concerns surrounding their use (particularly over the longer term) still exist. Meanwhile, data supporting the use of alternative therapeutic options, such as COX-2 selective NSAIDs, are lacking. In the absence of direct head-to-head comparisons between COX-2 selective and nonselective NSAIDs in China, the present study was conducted. Diclofenac SR was selected as the active control because it is widely used by patients who have AS.
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The double-blind treatment duration of 6 weeks was chosen because celecoxib has been shown to be statistically superior to placebo in placebo-controlled clinical studies of 6 to 12 weeks' duration in patients with AS. 24, 25 Using the ASAS-20 response criteria, no changes in the response rates at Week 12 compared with Week 6 were demonstrated. A 6-week extension was also conducted to observe the safety profile and to collect efficacy data for celecoxib 400 mg in Chinese patients. Our study demonstrated that celecoxib 200 mg once daily was noninferior to diclofenac SR 75 mg once daily in the treatment of Chinese patients with AS. In addition, patients in the celecoxib 200 mg once daily group experienced similar improvements in pain relief, disease activity, and physical function compared with patients receiving diclofenac SR 75 mg once daily. This finding is consistent with those of similarly designed studies in AS using the same comparator treatment. 24, 25 According to previous reports, 24, 25 celecoxib 400 mg once daily reduces some parameters of inflammation more effectively than celecoxib 200 mg once daily, suggesting a possible dosedependent effect and potentially better treatment outcomes with the higher dose. The results of our analysis support this. At the end of the extension period (Week 12), celecoxib 400 mg once daily noticeably advanced the extent of improvements in patients who did not achieve satisfactory improvement in signs and symptoms after 6 weeks of treatment with celecoxib 200 mg once daily. GI disorders are a well-known side effect of NSAID use; 29, 30 however, celecoxib, a selective inhibitor of the inducible form of the COX enzyme (ie, COX-2), is thought to be better tolerated and associated with fewer AEs than the more traditional nsNSAIDs that act via nonselective inhibition of both COX-1 and COX-2. [31] [32] [33] [34] [35] Notably, in the Celecoxib versus Omeprazole and Diclofenac for at-Risk Osteoarthritis and Rheumatoid Arthritis Patients trial, the rate of predefined and adjudicated clinically significant upper and lower GI events (the primary end point) was 4 times higher in patients with arthritis at increased GI risk who were receiving diclofenac SR 75 mg twice daily plus omeprazole 20 mg once daily than in those receiving celecoxib 200 mg twice daily during 6 months of treatment. 36 In our study, although GI disorders were the most frequently reported treatment-related AEs in both treatment groups during the double-blind phase, a similar number of GI AEs and discontinuations due to GI AEs were reported in patients receiving celecoxib 200 mg once daily compared with diclofenac SR 75 mg once daily. Furthermore, patients receiving the higher celecoxib 400 mg once daily dose throughout the 6-week extension phase also reported a similar number of GI AEs and discontinuations compared with patients receiving diclofenac SR 75 mg once daily. Our results, which suggest that treatment with celecoxib is not only well C200 ¼ celecoxib 200 mg once daily during double-blind and extension phase; C200/C400 ¼ celecoxib 200 mg once daily during double-blind phase and celecoxib 400 mg once daily during extension phase; D75 ¼ diclofenac sustained release 75 mg once daily during double-blind and extension phase; D75/C400 ¼ diclofenac sustained release 75 mg once daily during double-blind phase and celecoxib 400 mg once daily during extension phase. n Patients were only counted once per treatment row; AEs occurring during the double-blind phase and up to 30 days after last dose (in double-blind phase) included.
Values are presented as n (%). † Laboratory investigations include alanine aminotransferase increased, aspartate aminotransferase increased, red blood cells urine positive, transaminases increased, weight decreased, and white blood cell count decreased.
tolerated but associated with a low frequency of GI AEs are also consistent with those of previous study outcomes in patients with AS 24, 25 and arthritis. 29, 30, 36 Conclusions Consistent with previous findings in AS, our results suggest that the efficacy of celecoxib 200 mg once daily is noninferior to diclofenac SR 75 mg once daily over 6 weeks of treatment in Chinese patients with AS. Furthermore, the use of celecoxib 400 mg once daily was not associated with any additional AEs or tolerability issues compared with diclofenac SR 75 mg once daily over a 6-week treatment extension.
